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GHWHFWRUVZHUH DVVXPHGRQHDFKOLQNWRH[WUDFW WUDIILFPHDVXUHV&RPSDUDWLYHQXPHULFDOVWDWLVWLFDODQDO\VHVZHUHFRQGXFWHG WR
LGHQWLI\ WKH WUDIILFPHDVXUHV VXFKDV WKH DYHUDJH VSHHGDQG IORZ WKDW DUH OLNHO\ WREH DIIHFWHGE\ WKH LQFLGHQWV$QG IXUWKHU
DQDO\VLVZDVFRQGXFWHGWRTXDQWLI\WKHPRVWSUREDEOHWKUHVKROGVWREHXVHGLQWKHSURSRVHGXUEDQLQFLGHQWGHWHFWLRQPRGHO7KH






+DQGIXOV RI UHVHDUFK KDYH EHHQ GHYHORSHG DQG LQFLGHQWV GHWHFWLRQV DOJRULWKPV IRU IUHHZD\V DQG XUEDQ
H[SUHVVZD\RUWXQQHOVDUHDOUHDG\WKHUHZLWKWKHFRPPHUFLDOWUDIILFFRQWUROV\VWHPV2QWKHRWKHUKDQGGHWHFWLQJDQ
LQFLGHQW RQ DQ XUEDQ URDG OLQN RU LQWHUVHFWLRQ LV YHU\ GLIILFXOW WR HVWLPDWH 8UEDQ URDGV DQG LQWHUVHFWLRQV DUH
LQWHUUXSWHG EDVLFDOO\ E\ FURVVURDGV HQWU\H[LW WRIURP WKH DUWHULDO OLQN SHGHVWULDQ FURVVZDON DQG WUDIILF FRQWURO
VLJQDOV\VWHPVZLWKLQYHU\VKRUWVSDFHDQGWLPHLQWHUYDOV7KHWUDIILFG\QDPLFVRIWKHUHFXUUHQWFRQJHVWHGXUEDQOLQN




WRGHWHFW WKH LQFLGHQW VWDWXVRIHDFKDQDO\VLV WLPHVWHSRI WKH LQFLGHQWVRFFXUUHGRQD OLQNRI DSUHWLPHGVLJQDO
QHWZRUN+HUH WKH DQDO\VLV WLPH VWHS LV WDNHQ DV WKH F\FOH WLPHRI WKHGRZQVWUHDPVLJQDOL]HG LQWHUVHFWLRQRI WKH
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/LWHUDWXUH5HYLHZ
0RVW RI WKH GHYHORSHG IUHHZD\ LQFLGHQW GHWHFWLRQ DOJRULWKPV FRXOG EH JHQHUDOO\ FDWHJRUL]HG LQWR VRPH
W\SLFDOJURXSVEDVHGRQWKHDGRSWHGDQDO\WLFDODQGKHXULVWLFWHFKQLTXHV'LIIHUHQWDOJRULWKPVHPSOR\GLIIHUHQWGDWD
UHTXLUHPHQWVSULQFLSOHVDQGFRPSOH[LW\>3DUNDQ\@7KHQRWDEOHIRUPVRIIUHHZD\EDVHGLQFLGHQWGHWHFWLRQ
PHWKRGRORJLHV DUH D FRPSDUDWLYH DOJRULWKPV E VWDWLVWLFDO DOJRULWKPV F WLPH VHULHV DOJRULWKPV G
ILOWHULQJVPRRWKLQJ DOJRULWKPV H WUDIILFPRGHOLQJ DOJRULWKPV I DUWLILFLDO LQWHOOLJHQFH DOJRULWKPV DQG J LPDJH
SURFHVVLQJ DOJRULWKPV +RZHYHU WR RYHUFRPH WKH LQKHUHQW GLVDGYDQWDJH RI WKH SRLQWEDVHG GHWHFWRUV WKH SUREH
YHKLFOHEDVHGDOJRULWKPV>6HUPRQVDQG.RSSHOPDQ+HOOLQJDDQG.QDSS@HPHUJHGWRGHWHFWLQFLGHQWV
EDVLFDOO\ RQ WKH XUEDQ H[SUHVVZD\ 7KH SUREHYHKLFOH FRXOG EH HTXLSSHG ZLWK VRPH *36 *OREDO 3RVLWLRQLQJ
6\VWHP$9,$XWRPDWLF9HKLFOH,GHQWLILFDWLRQ5),'5DGLR)UHTXHQF\,GHQWLILFDWLRQ'HYLFH&HOOXODURURWKHU
GULYHUEDVHGVHQVRUWHFKQRORJLHV
)RU WKH XUEDQ FDVH 7KRPDV  UHIRUPXODWHG WKH XUEDQ LQFLGHQW GHWHFWLRQ DOJRULWKP DV D PXOWLSOH
DWWULEXWH GHFLVLRQPDNLQJ SUREOHPZLWK %D\HVLDQ VFRUHV %XW WKH VXFFHVV RI WKLVPHWKRG GHSHQGV RQ WKH WUDIILF
VWDWXVGDWDVHWIURPKLVWRULFDOWUDIILFSDWWHUQIRUERWKOLQNDQGWKHGHWHFWRUVWDWLRQV+RZHYHUWKLV$,'DOJRULWKPGRHV




FRQWURO V\VWHP DQG WKH OLQN W\SH =KDQJ DQG 7D\ORU  SUHVHQWHG %D\HVLDQ QHWZRUNPRGHO WKDW XSGDWHV WKH
LQFLGHQWSUREDELOLW\DWHDFKGHWHFWLRQLQWHUYDOWKURXJKWZRZD\LQIHUHQFHIRUDUWHULDOV7KHGHWHFWLRQUDWHDQGIDOVH








WKH GHYHORSPHQW RI LQFLGHQW GHWHFWLRQ DOJRULWKP WKDW GRHV QRW UHO\ RQ µµUHDO GDWD¶¶ EXW UDWKHU LW FDQ EH IXOO\
GHYHORSHGXVLQJZHOOYDOLGDWHGµµVLPXODWLRQ¶¶PRGHOV+RZHYHUWKHVXFFHVVRIWKLVPHWKRGKHDYLO\GHSHQGVRQWKH
H[WHQVLYHGDWDVHW IRU WKHWUDLQLQJRIWKHQHXURIX]]\5HFHQWO\'LDDQG7KRPDVGHYHORSHGQHXUDOQHWZRUN
PRGHOV IRU DXWRPDWLF LQFLGHQW GHWHFWLRQ RQ DUWHULDO URDGV EDVHG RQ D GDWD IXVLRQ WHFKQLTXH WR DFKLHYH PRUH
LPSURYHPHQWRQW\SLFDOLQFLGHQWGHWHFWLRQUDWHXVLQJWKHVLPXODWHGORRSGHWHFWRUGDWDDQGSUREHYHKLFOHGDWD+HUH
WKH HPSKDVHV ZHUH WR HYDOXDWH WKH EHWWHU SHUIRUPLQJ QHXUDO QHWZRUN PRGHO W\SH DQG WKH ORRS GHWHFWRU
FRQILJXUDWLRQV

,Q VXPPDU\ DOO WKH GHYHORSHG IUHHZD\ RU XUEDQ LQFLGHQW GHWHFWLRQ DOJRULWKPV SULPDULO\ XVH VLPXODWHG
LQFLGHQW GDWD WR KDYH VRPH VSHFLILF WKUHVKROG YDOXHV RI VRPH WUDIILF YDULDEOHV IRU LQFLGHQW LGHQWLILFDWLRQ 7KH
WHFKQLTXHV DUH GLIIHUHQW LQ IRUPV RI HVWLPDWLRQ RI WKH UHOHYDQW SDUDPHWHUV 7KH SHUIRUPDQFH RI WKH DOJRULWKP LV
FRPSDUHGDJDLQVWHDFKRWKHUIRUWKHWKUHHSULPDU\NH\SHUIRUPDQFHLQGLFDWRUVOLNHGHWHFWLRQUDWH IDOVHDODUPUDWH
DQGPHDQWLPHWRGHWHFW,WLVWREHQRWHGWKDWWKHVHDOJRULWKPVH[FHSW+DZDVMXVWGHWHFWVRPHSHUFHQWDJHRI
WKH WRWDO QXPEHURI LQFLGHQWV WKDW RFFXUUHGGXULQJ WKH UHFRUGHGRU VLPXODWHG WLPHIUDPHDQG WKH LQFLGHQWPXVWEH
GHWHFWHGZLWKLQDVKRUWWLPHIUDPHH[DPSOHPLQXWHVFRQVLGHULQJWKHZKROHLQGLYLGXDOLQFLGHQWDVDVLQJOHGDWD
RQO\ +RZHYHU WKHVH DOJRULWKPV W\SLFDOO\ GR QRW DFFRXQW IRU WKH WUXH VWDUW WLPH RU WKH WHUPLQDWLQJ WLPH RI DQ
LQGLYLGXDOLQFLGHQWQRUWKHVHGRVKRZWKHLQFLGHQWVWDWXVRILQWHUPHGLDWHWLPHVWHSVRIDQLQGLYLGXDOLQFLGHQW$OVR





GHWHFWRUV¶ UHDGLQJV LQ WKH FDVH RI LQFLGHQW PD\ VLJQLILFDQWO\ YDU\ IURP WKH FRXQWHU UHDGLQJV LQ WKH FDVH RI QR
LQFLGHQW
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0HWKRGRORJ\
7KH DGRSWHGPHWKRGRORJ\ WKDW WKLV VWXG\ IROORZHG FRXOG EH VXPPDUL]HG DV D GHYHORSPHQW RI RIIOLQH
LQFLGHQW VFHQDULRVDFFRXQWLQJ IRUYDULRXVQHWZRUN FRQILJXUDWLRQV OLQNYROXPHV VLJQDOVHWWLQJVE\ VLPXODWLRQV E
FDUU\RQGHWDLOHGGDWDDQDO\VHVWRFDSWXUHWKHSDUDPHWHUVWKDWDUHOLNHO\WREHDIIHFWHGE\YDULRXVLQFLGHQWVFHQDULRV








PLQXWHV DQG PLQXWHV LQLWLDOO\$ W\SLFDO SUHWLPHG XUEDQ LQWHUVHFWLRQ QHWZRUN WKDW FRQVLVWV RI IRXU OLQNV RI
VLPLODU JHRPHWU\ DQG WUDIILF FRQGLWLRQV )LJXUH  ZDV VHOHFWHG DV WKH VFRSH IRU LQLWLDO XUEDQ LQFLGHQW GHWHFWLRQ


































)LJ  $ VLJQDOL]HG SUHWLPHG LQWHUVHFWLRQ UHSUHVHQWLQJ WKH VLPSOHVW XUEDQ URDG QHWZRUN VKRZV IRXU DUWHULDO DSSURDFK OLQNV DOO GHWHFWRU
SODFHPHQWVDQGDVDPSOHUDQGRPO\JHQHUDWHGLQFLGHQWORFDWLRQRQWKHZHVWERXQGDSSURDFK

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,QFLGHQW'DWD'HYHORSPHQW
,Q WKH DEVHQFHRI UHDO ILHOGGDWDRI LQFLGHQWV LW LV D FRPPRQSUDFWLFH WRXVH VLPXODWLRQ GDWD WR JHQHUDWH
LQFLGHQWVFHQDULRV7KHUHIRUH1(76,0PLFURVLPXODWLRQZDVXVHGWRJHQHUDWHLQFLGHQWGDWDLQWKLVVWXG\1(76,0
KDV WKHFDSDELOLW\RIJHQHUDWLQJVRPHORQJWHUPHYHQWVRQVRPHGHVLJQDWHGODQHDWVRPHVSHFLILF WLPHIRUFHUWDLQ








7KH GHWHFWRU GDWD ZHUH H[WUDFWHG IRU ERWK LQFLGHQW DQG QRQLQFLGHQW FDVHV IRU D VSHFLILF RSHUDWLQJ
FRQILJXUDWLRQ 7KH WHUP µRSHUDWLQJ FRQILJXUDWLRQ¶ UHIHUV WKH FRPELQDWLRQ RI D VSHFLILF F\FOHWLPH D VSHFLILF OLQN








VSHFLILF WLPH IRU VRPH VSHFLILF GXUDWLRQV (DFK GHWHFWRU FRYHUV DOO WKH WKUHH ODQH DORQJ LWV OHQJWK SODFHG




JHQHUDWLQJ LQFLGHQWVFHQDULRV LQ WKH1(76,0VLPXODWLRQ UXQV6XFKDV D WKH LQFLGHQW VWDUWVH[DFWO\ZKHQDQHZ
VLJQDOF\FOHEHJLQVZLWKWKHJUHHQSKDVHRI WKHVXEMHFWDSSURDFKE WKHLQFLGHQWH[DFWO\ WHUPLQDWHVZKHQ WKHODVW
F\FOHWLPH FRPSOHWHV DIWHU VRPH VSHFLILF F\FOHWLPH GXUDWLRQV RI WKH LQFLGHQW7KHVH DVVXPSWLRQVRI WKH LQFLGHQW
VWDUW DQG HQG WLPHPDWFK ZLWK F\FOH WLPH HQDEOH XV WR FDSWXUH WKH UHODWLRQVKLS EHWZHHQ WKH WUDIILF PHDVXUHV RI
LPSRUWDQFHRI WKHGRZQVWUHDPGHWHFWRUGXULQJ WKHJUHHQSKDVH DQG WKH LQFLGHQW VWDWXV LQ WKHSURSRVHGPRGHO ,Q
VXPPDU\ WKHIDFWRUVYDULHGLQ WKHVLPXODWLRQUXQVZHUH$GRZQVWUHDPVLJQDOF\FOH/HQJWK WKHWUDIILFYROXPHV
DQG WKH DSSURDFK OHQJWK WR UHIOHFW GLIIHUHQW QHWZRUN FRQILJXUDWLRQV 'LIIHUHQW LQFLGHQW GXUDWLRQV ZHUH DOVR
FRQVLGHUHGDQGPLQXWHV )RUHDFKRSHUDWLQJFRQILJXUDWLRQDWOHDVWLQFLGHQWVZHUHJHQHUDWHGDWGLIIHUHQW
WLPHVDQGUDQGRPSODFHVRQWKHODQHRIWKHVXEMHFWDUWHULDO7KHPLQLPXPGXUDWLRQRIDZKROHLQFLGHQWZDVWDNHQ
DV PLQXWHV LQWXLWLYHO\ WR UHIOHFW WKH LQFLGHQW DV D ORQJWHUP HYHQW LQ1(76,0%RWK LQFLGHQW DQG QRQLQFLGHQW
VFHQDULRVZHUHUXQIRUWKHVDPHVLPXODWLRQGXUDWLRQDQGZLWKWKHVDPHUDQGRPVHHGVRWKDWWKHFRXQWVVSHHGVDUH
GLUHFWO\FRPSDUDEOH$WWKLVVWDJHRIWKHUHVHDUFKIRUHDFKVSHFLILFOLQNOHQJWKWKHYROXPHVOHYHOVZHUHFKRVHQLQ
VXFK D PDQQHU WKDW QR VSLOORYHU RI WKH OLQN LV KDSSHQLQJ LQ WKH FDVHV RI LQFLGHQWIUHH FRQGLWLRQV EHFDXVH RI
FRQJHVWLRQV
















































































































































7RWDO6LPXODWLRQ5XQV     





H[WUDFWHG IURP GHWHFWRUV RI WKH LQFLGHQWLQGXFHG F\FOHWLPH ZLOO YDU\ IURP WKH FRXQWHU WUDIILF DYHUDJH YDOXHV
PHDVXUHGLQQRLQFLGHQWFDVH7KHSURSRVHGPRGHOLVVXSSRVHGWRGHWHFWWKHLQFLGHQWVWDWXVDWHYHU\F\FOHWLPH7KH
FRQVLGHUHGWUDIILFPHDVXUHVDUHWKHµDFFXPXODWHGGHWHFWRUFRXQWV¶DQGWKHµDYHUDJHGHWHFWRUVSHHGV¶IRUDOOWKHWKUHH








































































































































XVLQJ RWKHU ELQDU\ GLVFUHWH FKRLFH UHJUHVVLRQ IRUPV  7KH FDOLEUDWHG UHJUHVVLRQ PRGHOV FDQ WKHQ EH XVHG IRU
SUHGLFWLQJ LQFLGHQWVWDWXVRID VLQJOH WLPHVWHS ,QGHYHORSLQJ WKH UHJUHVVLRQPRGHO WKH LQGHSHQGHQWYDULDEOHV DV
LQGLFDWHGDERYHLQ7DEOHDUHWKHWUDIILFPHDVXUHVH[WUDFWHGIURPWKHVLPXODWLRQGHWHFWRUV7KHGHSHQGHQWYDULDEOH
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RI WKHUHJUHVVLRQPRGHO LVHLWKHUDQ LQFLGHQWVWDWXV\HVRUDQRUPDOUHFXUUHQWWUDIILFFRQGLWLRQQRLQFLGHQWRID
VLQJOHWLPHVWHS7RLQFUHDVHWKHJRRGQHVVRIILWRIWKHGHYLVHGUHJUHVVLRQPRGHOVWKHWZRELQDU\YDOXHVDQG





GHWHUPLQHGZLWK LWHUDWLYH DQDO\VHV ,QLWLDOO\ WKH VLPSOH YDOXH RI ZDV VHW DV WKH LQWXLWLYH VHSDUDWLQJ SRLQW
EHWZHHQ LQFLGHQW DQG QRQLQFLGHQW VWDWXV 7KHQ WKLV YDOXHZDV GHFUHDVHG RU LQFUHDVHG E\  XQLW IRU QH[W
LWHUDWLRQXQWLO LW LPSURYHV WKH LQFLGHQWGHWHFWLRQ UDWHDQGNHHS WKHIDOVHDODUPUDWHZLWKLQ,I WKUHVKROGYDOXH
ZHUHFKRVHQWRRVPDOO LW UHVXOWV LQDOPRVWLQFLGHQWGHWHFWLRQVRIDOO LQFLGHQWLQGXFHG WLPHVWHSVDORQJZLWK
H[FHVVLYHKLJKIDOVHDODUPUDWH2QWKHRWKHUKDQGLIWKHWKUHVKROGZHUHFKRVHQWRRKLJKVD\WKHUHZRXOGEH















DGRSWHGDV WKH VXLWDEOH UHJUHVVLRQPRGHOVRIDU7KH5YDOXHVRI WKH UHJUHVVLRQ HTXDWLRQV UDQJHEHWZHHQ WR




7KHDQDO\VLVRIYDULDQFH WHVWV UHYHDOHG WKDW DOO WKH WUDIILFSDUDPHWHUVRI;;;<< DQG<ZHUH
IRXQGVLJQLILFDQWRUVOLJKWO\VLJQLILFDQWLQSUHGLFWLQJWKHUHVSRQVHLQFLGHQWVWDWXV









WLPHP OLQN OHQJWKDQGYHKKU+HUH WKHEODQN WLPHVWHSPHDQVFRUUHFWO\GHWHFWHGQRUPDO LQFLGHQWIUHH
F\FOHWLPHGXUDWLRQ7DEOHLQFOXGHVWKHRYHUDOOWKUHVKROGEDVHGUHJUHVVLRQPRGHOVZLWKDVVRFLDWHGFRHIILFLHQWVRI
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OHQJWK YDULDWLRQV $OVR WKH WKUHVKROG YDOXHV DUH VLJQLILFDQWO\ VHQVLWLYH WR ERWK RI WKH F\FOH WLPH DQG YROXPH
YDULDWLRQV
9DOLGDWLRQ7HVWV










JHQHUDWHG DORQJ ZLWK KRXUO\ WUDIILF YROXPHV RI  DQG  YHKKU IRU DOO OLQN OHQJWKV DQG F\FOH WLPH RI 
VHFRQGV$OVR/DQH LQFLGHQWVZHUHJHQHUDWHG DORQJZLWKKRXUO\ WUDIILFYROXPHVRIDQGYHKKU IRUDOO
OLQNOHQJWKVDQGF\FOHWLPHRIVHFRQGV,QJHQHUDOWKHYDOLGDWLRQVFHQDULRVUHIOHFWGLIIHUHQWVHWWLQJVRILQFLGHQW
VWDUWLQJWLPHVLQFLGHQWGXUDWLRQVORFDWLRQVDQGLQFLGHQWEORFNLQJODQHVIURPWKHRULJLQDOPRGHOVWKDWZHUHXVHGWR










XVHG IRU SUHGLFWLQJ WKH LQFLGHQW VWDWXV LUUHVSHFWLYH RI WKH F\FOHWLPH DQG WKH OLQN OHQJWK 7KH YROXPHZLVH
JHQHUDOL]HGPRGHOVZHUHGHULYHGE\DYHUDJLQJ WKHFRUUHVSRQGLQJFRHIILFLHQWV DQG WKH WKUHVKROGVRI WKHPRGHOV LQ
7DEOH
YHKKUWKUHVKROG
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,QDSSO\LQJWKHJHQHUDOL]HGPRGHOVHTXDWLRQVWKURXJKXVLQJWKHGDWDRIWKHYDOLGDWLRQVFHQDULRVWKH
/DQH LQFLGHQWV VFHQDULRV UHVXOWHG LQ  DYHUDJH LQFLGHQW GHWHFWLRQ UDWH VWDQGDUG GHYLDWLRQ  DQG 
DYHUDJH IDOVH DODUP UDWH VWDQGDUG GHYLDWLRQ  /DQH LQFLGHQWV VFHQDULRV UHVXOWHG LQ  DYHUDJH LQFLGHQW
GHWHFWLRQ UDWH VWDQGDUGGHYLDWLRQDQGRI DYHUDJH IDOVH DODUP UDWH VWDQGDUGGHYLDWLRQ7RDJUHDW
H[WHQWWKHJHQHUDOL]HGPRGHOVFRQIRUPWRVLPLODUUHVXOWVDVRIWKHRULJLQDOLQFLGHQWSUHGLFWLRQPRGHOV
&RQFOXVLRQV
,Q EULHI WKLV SDSHU SUHVHQWHG DQ DWWHPSW WR LQWURGXFH D QHZ IRUP RI XUEDQ LQFLGHQWGHWHFWLRQPRGHOV WR
FDSWXUHWKHLQFLGHQWVWDWXVRIHDFKDQDO\VLVWLPHVWHS7KLVDSSURDFKLVDFRPELQDWLRQRIVLPSOHUHJUHVVLRQPRGHOV
DQG WKUHVKROG YDOXHV IRU HDFK VSHFLILF FRPELQDWLRQ RI F\FOH WLPH OLQN OHQJWK DQG KRXUO\ WUDIILF YROXPH 7KH
UDWLRQDOH IRU GHYHORSLQJ WKHVHPRGHOV LV EDVHG RQ WKH DVVXPSWLRQ WKDW WKH QRLQFLGHQW WUDIILFPHDVXUHV H[WUDFWHG
IURP WKH GHWHFWRUV¶ UHDGLQJV VLJQLILFDQWO\ YDU\ IURP WKH FRXQWHU UHDGLQJV LQ WKH FDVH RI LQFLGHQW ([FHSW WKH
UHODWLYHO\ORZHUKRXUO\ WUDIILFYROXPHVWKHLQFLGHQWGHWHFWLRQUDWHDQGWKHIDOVHDODUPUDWHFDPHTXLWHVDWLVIDFWRU\





YDULDWLRQV RI WKH LQSXW DWWULEXWHV IURP WKH EDVH FDVHV ZLWK WKH PDOIXQFWLRQLQJ RI WKH GHWHFWRUV DQG DOVR ZLWK
YDULDWLRQVZLWKGHWHFWRUSODFHPHQWV1H[WVWDJHRIUHVHDUFKZRXOGIRFXVRQFRPSDULVRQVRIWKLVVLPSOHUHJUHVVLRQ
PRGHOZLWKELQDU\ORJLWUHJUHVVLRQPRGHOVDQGLQFRUSRUDWLRQRIFRQYHQWLRQDOLQFLGHQWDQGIDOVHDODUPGHWHFWLRQUDWHV
XVLQJ WKH QXPEHU RI LQFLGHQWV RQO\ QRW WKH LQFLGHQWLQGXFHG DQDO\VLV WLPHVWHSV  )XUWKHU UHVHDUFK ZRXOG EH
















7KRPDV 1( 0XOWLVWDWH DQGPXOWLVHQVRU LQFLGHQW GHWHFWLRQ V\VWHPV IRU DUWHULDO VWUHHWV7UDQVSRUWDWLRQ
 5HVHDUFK3DUW&9ROSS
/HH 6.UDPPHV5$	<HQ -  $UWHULDO IX]]\ORJLFEDVHG LQFLGHQW GHWHFWLRQ IRU VLJQDOL]HG GLDPRQG
 LQWHUFKDQJHV7UDQVSRUWDWLRQ5HVHDUFK3DUW&9ROSS
=KDQJ .  	 7D\ORU 0 $ 3  (IIHFWLYH DUWHULDO URDG LQFLGHQW GHWHFWLRQ D %D\HVLDQ QHWZRUN EDVHG
 DOJRULWKP7UDQVSRUWDWLRQ5HVHDUFK3DUW&9ROSS±





'LD+ DQG7KRPDV. 'HYHORSPHQW DQG HYDOXDWLRQRI DUWHULDO LQFLGHQWGHWHFWLRQPRGHOVXVLQJ IXVLRQRI
 VLPXODWHGSUREHYHKLFOHDQGORRSGHWHFWRUGDWD,QIRUPDWLRQ)XVLRQ9ROSS±
